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IMAGING APPARATUS AND METHOD OF 
PROVIDING IMAGES OF UNIFORM PRINT 

DENSITY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Reference is made to commonly assigned, copending US. 
patent application Ser. No. 08/783,256 ?led Jan. 14, 1997 
and commonly assigned, copending US. patent application 
Ser. No. 08/826,357 ?led Mar. 26, 1997 both in the name of 
Xin Wen. 

FIELD OF THE INVENTION 

The present invention relates generally to imaging appa 
ratus and methods and, more particularly, to an imaging 
apparatus and method for providing images of uniform print 
density, so that printing non-uniformities, such as banding, 
are avoided. 

BACKGROUND OF THE INVENTION 

In a typical ink jet printer using a multi-noZZle head, 
digital signals as to each of four colors (i.e., red, green, blue 
and black) regarding an image are processed in a manner so 
that the multi-noZZle head forms a printed color image on a 
recorder medium, such as paper or transparencies. 

Indeed, ink jet printing has become recogniZed as a 
prominent contender in the digitally controlled, electronic 
printing arena because, e.g., of its non-impact, loW-noise 
characteristics, its use of plain paper and its avoidance of 
toner transfers and ?xing. Ink jet printing mechanisms can 
be categoriZed as either continuous ink jet or drop-on 
demand ink jet. US. Pat. No. 3,946,398, Which issued to 
Kyser et al. in 1970, discloses a drop-on-demand ink jet 
printer Which applies a high voltage to a pieZoelectric 
crystal, causing the crystal to bend, applying pressure on an 
ink reservoir and jetting drops on demand. Other types of 
pieZoelectric drop-on-demand printers utiliZe pieZoelectric 
crystals in push mode, shear mode, and squeeZe mode. 
Piezoelectric drop-on-demand printers have achieved com 
mercial success at image resolutions up to 720 dpi for home 
and of?ce printers. HoWever, pieZoelectric printing mecha 
nisms usually require complex high voltage drive circuitry 
and bulky pieZoelectric crystal arrays, Which are disadvan 
tageous in regard to manufacturability and performance. 

Great Britain Pat No. 2,007,162, Which issued to Endo et 
al. in 1979, discloses an electrothermal drop-on-demand ink 
jet printer Which applies a poWer pulse to an electrothermal 
heater Which is in thermal contact With Water based ink in a 
noZZle. A small quantity of ink rapidly evaporates, forming 
a bubble Which cause drops of ink to be ejected from small 
apertures along the edge of the heater substrate. This tech 
nology is knoWn as BubblejetTM (trademark of Canon K.K. 
of Japan). 
US. Pat. No. 4,490,728, Which issued to Vaught et al. in 

1982, discloses an electrothermal drop ejection system 
Which also operates by bubble formation to eject drops in a 
direction normal to the plane of the heater substrate. As used 
herein, the term “thermal ink jet” is used to refer to both this 
system and system commonly knoWn as BubblejetTM. 

Thermal ink jet printing typically requires a heater energy 
of approximately 20 y] over a period of approximately 2 
psec to heat the ink to a temperature betWeen 280° C. and 
400° C. to cause rapid, homogeneous formation of a bubble. 
The rapid bubble formation provides the momentum for 
drop ejection. The collapse of the bubble causes a tremen 
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dous pressure pulse on the thin ?lm heater materials due to 
the implosion of the bubble. The high temperatures needed 
necessitates the use of special inks, complicates the driver 
electronics, and precipitates deterioration of heater ele 
ments. The 10 Watt active poWer consumption of each heater 
is one of many factors preventing the manufacture of loW 
cost high speed pageWidth printheads. 
US. Pat. No. 4,275,290, Which issued to Cielo et al., 

discloses a liquid ink printing system in Which ink is 
supplied to a reservoir at a predetermined pressure and 
retained in ori?ces by surface tension until the surface 
tension is reduced by heat from an electrically energiZed 
resistive heater, Which causes ink to issue from the ori?ce 
and to thereby contact a paper receiver. This system requires 
that the ink be designed so as to exhibit a change, preferably 
large, in surface tension With temperature. The paper 
receiver must also be in close proximity to the ori?ce in 
order to separate the drop from the ori?ce. 

US. Pat. No. 4,166,277, Which also issued to Cielo et al., 
discloses a related liquid ink printing system in Which ink is 
supplied to a reservoir at a predetermined pressure and 
retained in ori?ces by surface tension. The surface tension is 
overcome by the electrostatic force produced by a voltage 
applied to one or more electrodes Which lie in an array above 
the ink ori?ces, causing ink to be ejected from selected 
ori?ces and to contact a paper receiver. The extent of 
ejection is claimed to be very small in the above Cielo 
patents, as opposed to an “ink jet”, contact With the paper 
being the primary means of printing an ink drop. This system 
is disadvantageous, in that a plurality of high voltages must 
be controlled and communicated to the electrode array. Also, 
the electric ?elds betWeen neighboring electrodes interfere 
With one another. Further, the ?elds required are larger than 
desired to prevent arcing, and the variable characteristics of 
the paper receiver such as thickness or dampness can cause 
the applied ?eld to vary. 

In US. Pat. No. 4,751,531, Which issued to Saito, a heater 
is located beloW the meniscus of ink contained betWeen tWo 
opposing Walls. The heater causes, in conjunction With an 
electrostatic ?eld applied by an electrode located near the 
heater, the ejection of an ink drop. There are a plurality of 
heater/electrode pairs, but there is no ori?ce array. The force 
on the ink causing drop ejection is produced by the electric 
?eld, but this force is alone insufficient to cause drop 
ejection. That is, the heat from the heater is also required to 
reduce either the viscous drag and/or the surface tension of 
the ink in the vicinity of the heater before the electric ?eld 
force is suf?cient to cause drop ejection. The use of an 
electrostatic force alone requires high voltages. This system 
is thus disadvantageous in that a plurality of high voltages 
must be controlled and communicated to the electrode array. 
Also the lack of an ori?ce array reduces the density and 
controllability of ejected drops. 

Each of the above-described ink jet printing systems has 
advantages and disadvantages. HoWever, there remains a 
Widely recogniZed need for an improved ink jet printing 
approach, providing advantages for example, as to cost, 
speed, quality, reliability, poWer usage, simplicity of con 
struction and operation, durability and consumables. 
Commonly assigned US. patent application Ser. No. 

08/750,438 entitled A LIQUID INK PRINTING APPARA 
TUS AND SYSTEM ?led in the name of Kia Silverbrook on 
Dec. 3, 1996, discloses a liquid printing system that affords 
signi?cant improvements toWard overcoming the prior art 
problems associated With drop siZe and placement accuracy, 
attainable printing speeds, poWer usage, durability, thermal 




















